Abstract. The yA2 globulins have attracted considerable interest because of the absence of the disulfide bonds linking the heavy and light chains characteristic of all other human immune globulins. Recently a genetic marker (Am2) has been found which delineates two genetic variants of 'yA2 globulins that are controlled by allelic genes. These differ markedly in incidence in different populations with a marked preponderance in Caucasians of the type possessing the Am2 marker. A study of 22 'yA2 myeloma proteins primarily from Caucasians showed that 20 were Am2(+), and 2 were Am2(-). All of the positive type dissociated in the presence of acid or urea into heavy and light chain dimers without reduction of disulfide bonds, as expected from the earlier studies. However, the two Am2(-) proteins failed to dissociate in the presence of acid, urea, guanidine, or detergent. It was only after partial reduction and alkylation that these molecules split into heavy and light chains. Thus the unique absence of disulfide bonds linking the heavy and light chains is a property of only one genetic variant and not of all 'yA2 proteins.
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The -yA globulins have assumed relative importance following the demonstration that they represent the primary immunoglobulins of external secretions.1 Two major classes have been delineated, 'yAl and 'yA2, based primarily on marked antigenic differences.2-4 Proteins of the 'yA2 class showed the unique property that disulfide bonds linking the heavy and light chains were absent and that the light chains were present as disulfide-bonded dimers.5 Recently two genetic types of yA2 globulins have become recognized with differences in incidence in various population groups.6
The present work was undertaken to study the special disulfide linkages in the 'yA2 proteins in further detail and on a larger number of proteins. Special attention was directed to the two genetic variants which had not been recognized in the earlier studies. 1% SDS before application to the acid gels. All proteins were tested with denaturant in the sample alone, and incorporated into both the sample and the gel. Molecular weights were determined by SDS-acrylamide gel electrophoresis.'0'"I Transferrin, albumin, ovalbumin, trypsin, pepsin, a-chymotrypsinogen, and cytochrome c were used as markers. Computations were done on an Olivetti Programma 101 computer. 12 Gel filtration: Sephadex G-200, 200-270 mesh, was packed into 2.4 X 100 cm columns which were eluted in the cold at 14 mil/hr with 1.0 M propionic acid containing 2 X 10-4 M iodoacetamide.
Antigenic Analysis: The methods for gel diffusion in Ouchterlony plates and for immunoelectrophoresis have been described.1, 14 Hemagglutination inhibition tests were carried out as before.6 Red cells were coated with specific relevant myeloma proteins either by the BDB method", or by the chromium procedure of Gold and Fudenberg.'6 For the determination of yA2 specificity, the myeloma protein Le was used as the coat, and either the monkey antiserum, anti He,5 or the human serum De was used as the agglutinator.
The two genetic variants of yA2 globulin were determined by analyses for the Am2 antigen as described previously.6 In most experiments myeloma protein Br was used as the red cell coat and serum De absorbed with myeloma protein Le as the agglutinator. Proteins or sera were classified as Am2(+) or Am2(-) depending on whether or not they inhibited this system. Chemical procedures: Proteins were estimated by the Lowry procedure.17 Partial reduction and alkylation of myeloma proteins was performed as previously described. '8 The method of McConahey and Dixon was used for radioiodination.'9 To reduce aggregation of yA2 proteins, 5 ,ug of Chloramine T was used per milligram of protein.
Results. Typing of yA myeloma proteins: Three antisera were used to assign the yA myeloma proteins to the yAl or yA2 classes. A rabbit anti-yAl antiserum recognized all -yA2 proteins as antigenically deficient to -yAl proteins.2 Two antisera having yA2 specificity were also available. One had been raised in a monkey against the -yA2 myeloma protein He,5 and the other was the human serum De.6 The yA2-specific antigens were detectable both by precipitin analysis in Ouchterlony plates and by hemagglutination inhibition. The latter method was the most broadly applicable and was used, therefore, for each of the proteins studied. All of the myeloma proteins that were deficient with the 7yA1 antisera showed the -yA2-specific antigens. There was complete agreement among the different systems. Table 1 shows a list of the 22 yA2 myeloma proteins that were found in a screening of 165 yA proteins, an incidence of 13 per cent.
The genetic antigen, Am2, was determined by a hemagglutination inhibition of the 'yAl proteins. The low incidence of Am2(-) proteins is due primarily to the preponderance of material from Caucasians. A much higher incidence would be expected among proteins from Negroid and Mongoloid populations.6 Dissociation of yA2 myeloma proteins into heavy and light chain dimers: All 22 -yA2 and an additional 32 yA1 myeloma proteins were tested in the presence of a variety of denaturants for their ability to dissociate into heavy and light chain dimers. While no 'yG, yM, or 'yAl proteins were dissociable, all 20 of the 'yA2 proteins which possessed the Am2 genetic antigen did dissociate as expected (Table 1) . However, the yA2 proteins, Cu and Le, failed to dissociate. They were the only two 'yA2 proteins that were found to be Am2(-). Figure 1 shows a typical experiment illustrating the behavior of one of these proteins, Le, during acid acrylamide gel electrophoresis. This protein fails to show light chains in the dimer or monomer positions until after reduction and alkylation. The standard yA2 protein, Cl, shows light chains in the dimer position before reduction and alkylation and in the monomer position after this treatment. Figure 2 shows similar results utilizing gel filtration in 1.0 M propionic acid. In additional experiments no dissociation was obtained for proteins Le and Cu when a variety of different materials were used either singly or in combination; these included acid (pH 2.9 citrate buffer or 1.0 M propionic acid), 8 M urea or 5 M guanidine HCl, and 1 per cent SDS. Any one of these reagents sufficed to dissociate yA2, Am2(+) proteins. In view of the possibility that the two 'yA2 proteins described above might have an unusual quaternary structure, molecular weights of the monomer proteins and of their heavy and light chains were determined and compared with other yA2 proteins. Table 2 shows such results as obtained by SDS-acrylamide gel electrophoresis. All the molecular weights are consistent with a four-chain model having a heavy to light chain ratio of 1/1.20 Discussion. In a previous study5 all the 'yA2 proteins that were tested (a total of five) showed an absence of disulfide bonds linking the heavy and light chains and dissociated in urea into heavy and light chain dimers without reduction and alkylation. No yAl protein showed this unique characteristic and it was thought that this was a specific property of the 7A2 class. It is apparent, however, from the present studies that not all 'yA2 proteins share this property but only those of the genetic type, Am2(+). The yA2 proteins of the Am2( -) type have heavy and light chains which are linked by disulfide bonds just as those in the 'yAl class as well as in other immunoglobulins. Genetic typing of the 'yA2 proteins utilized in the earlier study indicates that these all happened to be of the Am2(+) type. This is the common genetic variant among Caucasians, the major source of these proteins and also explains the small number of Am2( -) proteins in the current more extensive study. Attempts are underway to obtain additional myeloma proteins from Negroid and Mongoloid populations where the frequency of the Am2(-) variant is much higher.
The present observation that the absence or presence of the L-H disulfide bond in 'yA2 proteins is an expression of a particular allotype, may not be unique to human yA, but may also be operative in the mouse. All yA myeloma proteins derived from the BALB/c strain of mice thus far studied (24 in all) lack the b-H disulfide bond. However, Warner2' has recently found that five of five 'yA proteins derived from NZB mice possessed the b-H disulfide bond and that of seven yA proteins derived from NZB-BALB/c hybrids, two possessed and five lacked b-H disulfide bridges. Since NZB and BALB/c -yA are of different allotypes,22 it may be that properties of genetic varients are involved. However, other interpretations involving expression of subgroups in the two strains are possible.
The molecular weights of the monomer proteins and of their constituent polypeptide chains indicate that the two nondissociable 'yA2 proteins possess the usual quaternary structure of immunoglobulins. Moreover, these results exclude any significant deletion of a portion of the heavy chains that might account for the absence of the Am2(+) specificity in Cu and Le. Such a deletion has been postulated to explain the relatively smaller size of mouse a-chains. 23 The kappa to lambda ratio of the light chains was normal24 for the group of -yA2 proteins as a whole. Yet, both nondissociable proteins of the Am2(-) type were lambda. While this may be of significance it was, nevertheless, clear that lambda as well as kappa yA2 proteins that were Am2(+) could dissociate. Further studies will be required to determine a possible role for the light chain class in governing the formation of these interchain bonds.
Recently both the number and the arrangement of the interchain disulfide bridges have been mapped for the 'yG subgroups.25 The intrachain bridges are disposed along the heavy chains in a regular and nearly constant pattern which appears to have been conserved during evolution (for review see ref. 26). The interchain bridges, in contrast, show a heterogeneous arrangement which is, nevertheless, characteristic for each subgroup. These interchain bridges seem to to be unessential either for the assembly of the molecules from their constituent chains, or for antibody activity.27 Some of this heterogeneity may be the result of the kind of genetic variability described for the 'yA2 globulins in this study.
The antigen or antigens recognized by the original typing sera used to define the two genetic variants appear to be present on a different portion of the 'yA2 molecule than the relevant interchain disulfide bonds. Pepsin digestion of yA2 protein completely destroys the Am2 genetic antigen and produces an F(ab')2 fragment which retains the intact interchain disulfide bonds. Recent experiments with rabbit antisera to the F(ab')2 fragments indicate that these also distinguish the genetic variants and may be recognizing the interchain site. However, it is not surprising to find immunoglobulin types controlled by allelic genes which differ in multiple positions along the heavy chain. In the -yGl system the Gm(az) chain contains the (a) marker in the Fc and the (z) marker in the Fd portion.' The situation with regard to the two major types of heavy chains produced by allelic genes at the "yG3 locus is even more striking. At least six separate antigens distinguish the socalled constant area of these chains and a number of these differences have been related to amino acid variations.28 29 Studies in nonhuman primates indicate that one of the chains, the Gm(b) type, is widely distributed among different species and appears to represent an earlier evolutionary form. The Gm(g) type on the other hand appears to be of more recent origin. An analogous situation may exist with respect to the genetic variants of the yA2 system. However it is not clear that the Am2(+) variant without H-L disulfide bonds is evolutionally related to the finding of similar -A molecules in the mouse and sheep.30. 31
